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Abstract 

Background: The aim of the present study was to analyse the influence of temporomandibular disorder (TMD) on 
electromyographic activity in the masseter and temporal muscles of adolescents and investigate a possible 
association with the number of occlusal contacts. 

Methods: The Helkimo Index was administered for the diagnosis of TMD and classification of the adolescents into three 
groups: without TMD; with mild TMD; and with moderate/severe TMD. Carbon paper was used for the determination of 
occlusal contact points. A standardised electromyographic evaluation was performed on the masticatory muscles at 
rest, during habitual chewing and during maximum voluntary clenching. The readings were normalised to maximum 
voluntary clenching. Statistical analysis involved the chi-squared test and Fisher's exact test. The KruskahWallis test and 
one-way analysis of variance with Dunn's post hoc test were used to compare differences between groups. Pearson's 
correlation coefficients (/j were calculated for the determination of correlations between the number of occlusal contacts 
and RMS values. 

Results: Electromyography revealed significant differences in the right and left masseter and temporal muscles at rest 
and during chewing among the three groups. These differences were not observed during maximum voluntary 
clenching. No statistically significant differences were found between the groups with and without TMD regarding the 
number of occlusal contacts. 

Conclusion: Electromyographic activity in the masseter and temporal muscles was greater among adolescents with 
moderate to severe TMD. 
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Background 

Temporomandibular disorder (TMD) is characterised by 
clinical signs and symptoms that affect the masticatory 
muscles and temporomandibular joint [1]. Poor posture, 
malocclusion and bruxism (clenching/grinding of one's 
teeth) can affect the masticatory muscles, temporoman- 
dibular joint and associated structures, giving rise to 
TMD [1,2]. Signs and symptoms of TMD include 
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sensitivity in the muscles of the head and neck, pain in 
one or both temporomandibular joints, limited move- 
ment of the mandible, joint sounds, facial deformities 
and headache [2-6]. 

According to Okeson [7], occlusion is defined as the 
relationship between the upper and lower teeth in func- 
tional contact during activity of the mandible. Studies 
have suggested that determinants of functional changes 
in the stomatognathic system may lead to an imbalance 
among the occlusion, masticatory muscles and temporo- 
mandibular joint [8,9]. Moreover, TMD may be caused 
by occlusal macro-traumas and micro-traumas [10-14]. 
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These conditions can cause mandibular deviations that 
affect chewing function and result in excessive pressure 
on the joint [15-18]. 

TMD is more prevalent among adults and may be 
related to high degrees of stress during activities of 
daily living as well as the prolonged maintenance of 
occlusal problems and parafunctional habits [3,6]. 
However, while the early diagnosis of TMD in young 
individuals is more difficult due to the lesser intensity 
of signs and symptoms, a growing number of studies 
have reported the occurrence of this disorder in the 
younger population [11,14]. Thus, the study of TMD 
in children and adolescents is essential to the early 
determination of problems that may predispose indi- 
viduals to craniofacial growth abnormalities, pain and 
muscle dysfunction in adulthood [2-6]. 

The number of occlusal contact points in the paediatric 
population with and without TMD has been investigated 
as a way of diagnosing this disorder. A recent study has 
demonstrated that the number of occlusal contacts among 
children and adolescents with some degree of TMD is 
greater than among those without TMD [19]. 

Electromyography (EMG) is a complementary tool that 
can contribute knowledge on muscle physiology and assist 
in the differential diagnosis and monitoring of TMD 
[20,21]. In some studies, an increase in muscle activity 
has also been associated with an increase in the number 
of occlusal contacts [22,23]. 

The aim of the present study was to analyse the influ- 
ence of TMD on the electromyographic activity of the 
masseter and temporal muscles in adolescents and investi- 
gate a possible association between the activity of these 
muscles and number of occlusal contacts. 

Methods 

Subjects 

A convenience sample of adolescents attending the Jose 
de Paiva Netto Educational Institute in the city of Sao 
Paulo (Brazil) was evaluated. The sample size was calcu- 
lated based on a pilot study using the DIM AM 1.0 sample 
calculation program and the root mean square (RMS) of 
the electromyographic signals of the masseter muscles 
and anterior bundles of the temporal muscles. Considering 
a = 0.05, p = 0.20 and an 80% test power, a minimum of 
11 participants in each group was determined. To main- 
tain a margin of safety, 14 individuals were selected for 
each group (without TMD, with mild TMD and with 
moderate to severe TMD). The following were the in- 
clusion criteria: statement of informed consent signed 
by parent/guardian, presence of four first and second 
permanent molars, no deciduous teeth in the oral cavity 
and age between 14 and 18 years. The exclusion criteria 
were current or past orthodontic treatment, current med- 
ical or psychological treatment, periodontal problems and 



cavitated and/or extracted teeth. This study was con- 
ducted in compliance with the principles of the Declar- 
ation of Helsinki and received approval from the Human 
Research Ethics Committee of the University Nove de 
Julho (Brazil) under protocol number 332780. 

The Helkimo questionnaire was administered for the 
evaluation of TMD. While the Research Diagnostic Criteria 
for Temporomandibular Disorders is more indicated for 
this classification, the Helkimo questionnaire is more 
easily understood by the paediatric population. More- 
over, the Helkimo index has frequently been employed 
for the diagnosis of TMD [10,24-26]. On a specific 
chart, data were recorded from a clinical exam involving 
the extra-oral and intra-oral inspection of the teeth, 
type of occlusion and occlusal abnormalities as well as 
palpation of the masticatory muscles and temporoman- 
dibular joint. The analysis of mandibular movements 
involved the use of a digital calliper for the measure- 
ment of maximum mouth opening, lateral movements 
and protrusion. Joint sounds, headache, facial pain, 
difficulty chewing, breathing pattern and parafunctional 
habits were also investigated. Based on the criteria of 
the Helkimo Index, the participants were classified into 
the following groups: without TMD (WG); with mild 
TMD (MG); with moderate to severe TMD (MSG). 

Occlusal contacts 

Carbon paper (Bausch 8 BK 01) was used for the deter- 
mination of occlusal contact points on both sides simul- 
taneously. For such, the participant was positioned with 
Camper's plane parallel to the ground and instructed to 
bite down until achieving maximum clenching. The 
contact points were recorded on an occlusogram. 

Surface EMG recording 

Surface EMG signals were recorded in the right and left 
masseter and anterior temporal bundles with disposable 
surface electrodes (Ag/AgCl - Medical Trace 8 ) measur- 
ing 10 mm in diameter attached over the belly of the 
muscle in the region of the greatest tonus (determined 
during maximum voluntary clenching). Bandage tape was 
used to secure the electrodes further, with care taken to 
avoid micro -movements. The inter-electrode distance was 
20 mm from centre to centre [27]. Prior to attachment, 
the sites for the electrodes were cleaned with a cotton ball 
soaked in alcohol to diminish impedance [28] . A reference 
electrode (3x2 cm) coated with Lectron II conductive gel 
(Pharmaceutical Innovations 8 ) was attached to the left 
wrist of the volunteer to allow the recording of differential 
signals. 

The bipolar EMG signals were amplified using an 
eight-channel module (EMG System do Brasil Ltda 8 ), with 
a band pass filter with cut-off frequencies at 20-1000 Hz, 
an amplifier gain of 1000 fold and a common mode 
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rejection ratio > 120 dB. The EMG signal was sampled 
through a 16- bit analogue-digital converter with a 
sampling rate of 2 kHz. 

Experimental protocol 

The participants were instructed to remain seated in a 
chair, feet apart, shoulders relaxed, hands resting on thighs 
and with the head positioned such that the Frankfurt 
plane was parallel to the ground. The participants 
received no visual feedback of the signals registered on 
the computer. 

To standardise the EMG potentials of the four muscles 
analysed with occlusal contacts, two strips of Parafilm 
M® (American National Can TM, Chicago, USA) folded 
into five parts (10 mm in thickness) were positioned on 
the mandibular first and second molars (bilaterally) of 
each subject [29]. Maximum voluntary clenching (MVC) 
was recorded for four seconds three times with a three- 
minute interval between readings. 

After five minutes of rest, EMG activity was recorded 
for 15 seconds three times successively each under the 
following conditions: i) Resting position: the subject was 
asked to relax and maintain the maxillary and mandibu- 
lar teeth out of contact; ii) maximum voluntary clench- 
ing (isometric): the subject was instructed to clench as 
hard as possible and maintain this level of contraction; 
and iii) chewing (isotonic): the subject was instructed to 
lightly and systematically bite down on the two strips of 
parafilm positioned bilaterally in time with a metro- 
nome calibrated to 60 beats per minute. A three-minute 
interval between readings was used for the EMG signals 
recorded in the resting position and during chewing 
and a five-minute interval between readings was used 
for MVC. 

EMG data analysis 

Ten seconds of the signal were used for the calculation 
of the root mean square (RMS) amplitude, with the initial 
three seconds and final two seconds of the 15-second 
reading discarded. For data recorded in the resting pos- 
ition and during MVC, the RMS was calculated using a 
200-ms moving window. The amplitude of the signal 
under all three conditions was expressed as the percent- 
age of the maximum RMS potential recorded in the 
three readings of MVC (%MVC). All EMG signal pro- 
cessing was performed using specific routines carried 
out on the Matlab program, version 7.1 (Math Works 
Inc., Natick, Massachusetts, USA). 

Statistical analysis 

Statistical analysis involved the chi-squared test and 
Fisher's exact test for the categorical variables. RMS data 
were expressed as mean and standard deviation (SD) 
values. Same-day reproducibility of the EMG values for 



each muscle and group (WG, MG and MSG) was esti- 
mated through test-retest reliability analyses, considering 
three tests per subject. Intra-class correlation coefficients 
(ICC) greater than 0.8 indicate excellent reproducibility, 
values between 0.6 and 0.8 denote good reproducibility 
and values below 0.6 reflect poor reproducibility [30]. 
Depending on the distribution of the data (normal or 
non-normal), either one-way analysis of variance with 
Dunn's post hoc test or the nonparametric Kruskal- 
Wallis test were used to examine differences among 
groups (WG, MG and MSG). Spearman's correlation 
coefficients (r) were calculated for the determination of 
correlations between the number of occlusal contacts 
and RMS values. The Mann-Whitney U test was used 
to compare pain between the MG and MSG based on 
the Helkimo questionnaire. The level of significance of 
each comparison was set to 5% (p < 0.05). All statistical 
analyses were conducted using the SPSS program, 
version 12.0 (SPSS Inc., Chicago, USA). 

Results 

Distribution of volunteers: TMD and gender 

Eighty-one adolescents aged 14 to 18 years were evalu- 
ated [mean age: 15.64 years (SD: 1.06)]; 51.9% (n = 42) 
were males and 48.1% (n = 39) were females. The preva- 
lence of TMD was 74.1% (n = 60). The prevalence of 
TMD among females was 87.2% (n = 34). A statistically 
significant association was found between the female 
gender and TMD (Pearson's chi-squared test = 6.727; 
p = 0.009). Mild TMD predominated among males (54.8%; 
n = 23). Among the females, mild TMD was found in 
46.2% (n = 18), moderate TMD was found in 35.9% 
(n = 14) and severe TMD was found in 5.1% (n = 2). A 
statistically significant association was also found 
between the female gender and severe TMD (Fisher's 
exact test = 15.399, p = 0.002) (Table 1). 

Pain 

According to Helkimo [31], muscle pain and pain in the 
temporomandibular joint are frequent symptoms of TMD. 
Thus, the influence of pain in the MG and MSG was 



Table 1 Distribution of volunteers according to degree of 
TMD and gender 











TMD 




Total 


Absent 


Mild 


Moderate 


Severe 


Gender Male 


N 


16 


23 


3 


0 


42 




% 


38.1% 


54.8% 


7.1% 


0.0% 


1 00.0% 


Female 


N 


5 


18 


14 


2 


39 




% 


1 2.8% 


46.2% 


35.9% 


5.1% 


1 00.0% 


Total 


N 


21 


41 


17 


2 


81 




% 


25.9% 


50.6% 


21.0% 


2.5% 


1 00.0% 



Fisher's exact test. 
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compared based on two questions of the Helkimo index: 
Ql: Do you have pain in the TMJ or in the area of masti- 
catory muscles? Q2: Do you have locked mandible during 
opening the mouth? The comparisons demonstrated 
significantly greater pain in the MSG (mean ± SD: Ql = 
9.66 ± 3.70; Q2 = 8.66 ± 2.86) in comparison to the MG 
(mean ± SD: Ql = 4.00 ± 4.00; Q2 = 3.15 ± 3.70) for both 
questions (Ql: p < 0.003; Lf-test = 40.00, Q2: p< 0.003; 
Lf-test = 50.00). 

Intra-session reliability of EMG data 

Table 2 displays the estimated ICCs for the EMG values 
of each muscle under each condition considering three 
tests per subject. Good to excellent reproducibility was 
demonstrated (ICC: 0.66 to 0.99). 

EMG activity 

Figure 1 displays a typical electromyogram from the MSG. 
Significant differences in RMS values in the right and left 
masseter and temporal muscles were found among the 
three groups in the resting position (Table 3), whereas no 
differences were found during MVC or chewing. In the 
resting position (Figure 2), RMS values in the right and left 
masseter and temporal muscles were significantly higher 
in the MSG in comparison to the other two groups, 
whereas no significant differences were found between the 
WG and MG. 

EMG activity and occlusal contacts 

RMS values of the right and left temporal and masseter 
muscles were not correlated with the ipsilateral number 
of occlusal contacts (right or left side) (Table 4). 

Discussion 

In the present study, the prevalence of TMD in the female 
gender was 87.2%. The literature reports that the greater 
frequency of this disorder among females is due to hormo- 
nal, postural, emotional, occlusal and functional factors as 
well as genetic predisposition [11,13,14]. 

Regarding the EMG activity of the right and left mas- 
seter and temporal muscles, a significantly higher of the 
RMS amplitude in the rest position was found in the MSG 
in comparison to the WG and MG, whereas no significant 
differences among groups were found regarding MVC or 



chewing. While pain in the present study was determined 
only through the Helkimo index, the results found in the 
resting position may have been influenced by the greater 
degree of muscle pain and pain in the temporomandibular 
joint in the MSG. Similar results (greater EMG activity in 
the right and left masseter and temporal muscles of pa- 
tients with pain in comparison to a control group) have 
been described in a previous study [8]. 

In general, emotional aspects such as anxiety, anger 
and frustration, may trigger oral habits, such as bruxism 
(clenching/grinding the teeth), leading to an increase in 
the activity of the masticatory muscles (especially the 
masseter and temporal muscles), with consequent hyper- 
tonia, muscle pain and an aggravation of TMD [32,33]. 
As these symptoms are more evident in individuals 
with more severe degrees of TMD, the discontinuous 
bursts of EMG activity in the right and left masseter 
and temporal muscles in the resting position in the 
MSG (Figure 1) may be the consequence of hypertonia 
in these muscles. However, no firm conclusion can be 
drawn regarding this issue, as no previous studies have 
reported similar EMG signals to those found in the 
present investigation for individuals with moderate to 
severe TMD. 

The determination of EMG activity in the temporal 
and masseter muscles with the mandible at rest is of 
fundamental importance to comparisons between indi- 
viduals, as muscle activity in the resting position is 
dependent on the lengthening reflex and is effectively 
maintained by the tonicity of the muscles that counter- 
balance the action of gravity and negative intra-oral 
pressure [34]. However, the physiological basis of the 
mandibular resting position is one of the most contro- 
versial areas in oral physiology [35,36]. In the resting 
position, the muscles are slightly contracted and EMG 
activity is greater than in the physiological resting pos- 
ition. In a recent study, standardised EMG activity was 
determined in the masseter and temporal muscles in 
women with and without TMD and the authors found 
that those with TMD exhibited greater asymmetry be- 
tween muscle pairs as well as hyperactivity of the mas- 
seter muscle [37]. 

In a study carried out by Ferrario et al. [38] involving 
27 healthy men and 35 healthy women divided into two 



Table 2 Intra-class correlation coefficient calculated for subjects without TMD (WG), with mild TMD (MG) and with 
moderate to severe TMD (MSG) 







Resting position 




Maximum voluntary clenching 




Chewing 




WG 


MG 


MSG 


WG 


MG 


MSG 


WG 


MG 


MSG 


Right temporal 


0.88 


0.92 


0.95 


0.74 


0.87 


0.66 


0.95 


0.88 


0.78 


Right masseter 


0.80 


0.70 


0.99 


0.80 


0.72 


0.71 


0.87 


0.71 


0.69 


Left temporal 


0.95 


0.92 


0.96 


0.87 


0.74 


0.83 


0.74 


0.82 


0.75 


Left masseter 


0.76 


0.83 


0.98 


0.86 


0.75 


0.67 


0.85 


0.82 


0.91 
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Right Right Left Left 

temporal masseter temporal masseter 

Figure 1 Mean and SD of RMS (%MVC) value recorded in resting 
position; RMS of right and left masseter and termporal muscles 
compared between without TMD (WG), with mild TMD (MG) 
and with moderate to severe TMD (MSG); *Significant difference 
(p < 0.05; Dunn's post-hoc test). 



groups (one with bilateral, symmetrical [complete] Angle 
class I with a class I relationship between canines and 
molars and another with partial Angle class I as well as 
classes II and III), the authors concluded that complete 
or partial Angle class I seems not to affect the electro- 
myographic activity of the masseter, temporal or sterno- 
cleidomastoid muscles during MVC. Individuals with 
complete Angle class I had a tendency to be more 
homogeneous than individuals with partial Angle class I 
[38]. Due to the methodological limitations of the study, 
evaluations of larger groups are needed to draw more con- 
sistent conclusions. In the present study, no correlation 



was found between the number of ipsilateral occlusal con- 
tacts and EMG signals in the masseter or temporal mus- 
cles during MVC or chewing. 

In an EMG analysis of the masseter and anterior tem- 
poral muscles in 40 male and female youths and adults 
without TMD, variations were found in the amplitude of 
the signal in accordance with the composition, type and 
size of the muscle fibres during MVC [39]. The study 
cited found significant differences between males and 
females in mean power frequency and the authors state 
that EMG is an important tool for the study of adaptive 
functional alterations. In the present investigation, greater 
EMG activity was found in the masseter and temporal 
muscles in the group with moderate to severe TMD, with 
significant differences in relation to the other groups at 
rest, but not during habitual chewing or MVC. 

In one study, 30 young patients with long-standing 
TMD and 20 young healthy individuals were evaluated 
through standardised EMG of the masseter and temporal 
muscles during MVC. The patients with TMD exhibited 
increased and more asymmetric activity in the anterior 
temporal muscle and reduced mean power frequencies 
in comparison to the controls. Mean frequencies in the 
temporal muscles were greater than those in the mas- 
seter muscles in both groups [40]. 

Another study performed qualitative and quantitative 
comparisons of normalised and non-normalised (absolute 
data) EMG amplitude values in the masseter and anterior 
temporal muscles during habitual chewing among 41 
women (21 asymptomatic and 20 symptomatic for TMD) 
to determine whether normalisation would affect the 



Table 3 Mean (SD) of the RMS values (%MVC) of right and left masseter and temporal muscles in individuals without 
TMD (WG), with mild TMD (MG) and with moderate to severe TMD (MSG) 



WG 



MG 



MSG 



p-value 



Resting position 

Right temporal 2.93 ±1.53 

Right masseter 2.14 ±0.81 

Left temporal 3.1 8 ±2.1 7 

Left masseter 2.08 ± 0.63 
Maximum voluntary clenching 

Right temporal 74.1 7 ±8.60 

Right masseter 67.59 ±27.41 

Left temporal 70.-49 ± 1 1 .61 

Left masseter 74.07 ± 1 2.86 
Chewing 

Right temporal 36.83 ±13.95 

Right masseter 38.02 ±15.13 

Left temporal 38.02 ±15.1 3 

Left masseter 35.03 ±12.11 
•Significant difference (p < 0.05; Kruskal-Wallis test). 



2.55 ± 1 .49 
1.71 ±0.59 
2.47 ± 1.21 
2.35 ± 1.59 

72.20 ±20.1 2 
66.32 ± 66.83 
75.81 ±11.50 
68.40 ± 1 1 .02 

42.31 ±17.29 
44.44 ± 1 7.34 
44.44 ± 1 7.34 
44.76 ± 15.94 



20.61 ±10.87 
23.85 ±14.25 
29.11 ±18.78 
21. 89 ±12.97 

68.95 ± 8.37 
66.83 ±11.12 
67.18 ±12.75 

64.99 ± 7.94 

45.48 ± 1 3.03 
46.11 ±14.15 
46.11 ±14.15 

46.62 ±18.82 



<o.oor 

<0.001* 
<0.001* 
<0.001* 

0.10 
0.77 
0.21 
0.44 

0.32 
0.40 
0.51 
0.15 
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Rest Position 

- — H- 



500 



Maximum Intercuspation 




15 s 



15 s 10 s 

Figure 2 Typical raw EMG signal of right temporal (RT) and masseter (RM) muscles and left temporal (LT) and masseter (LM) muscles 
from patient in MSG recorded in resting position, maximum intercuspation and chewing. 



interpretation of the clinical findings. Activity in the 
masseter muscle was significantly lower in the group 
with TMD. After the normalisation of the data, however, 
no significant differences between groups were found. 
These results suggest that absolute data may represent 
clinical findings in the qualitative analysis of the signal 
[41]. Another study involving dental students found a 
considerable reduction in EMG activity in the mastica- 
tory muscles with the mandible at rest and positioned at 
a few millimetres of inter-occlusal distance [42]. 

One study compared the electrical signals of the mas- 
seter and temporal muscles at rest as well as under iso- 
tonic and isometric conditions and analysed TMJ sounds 
during opening and closing of the mouth in a group 
with TMD before and after treatment. The authors 
found a reduction in vibratory intensity after treatment, 
whereas the electrical activity increased in the masseter 
muscle and decreased in the temporal muscle under iso- 
tonic and isometric conditions. However, the differences 
did not achieve statistical significance [43]. EMG studies 
demonstrate that TMD causes an alteration in muscle 
activity, with a reduction in strength, especially on the 

Table 4 Spearman's correlation coefficients (r) for 
occlusal contacts (OC) and RMS (% MVC) in individuals 
without TMD (WG), with mild TMD (MG) and with 
moderate to severe TMD (MSG) 







WG 


WIG 




MSG 




r 


p-value 


r p-value 


r 


p-value 


Right temporal 


0.03 


0.89 


0.18 0.51 


-0.10 


0.71 


Right masseter 


0.22 


0.44 


0.30 0.29 


-0.44 


0.11 


Left tempora 


0.45 


0.74 


0.28 0.31 


0.17 


0.55 


Left masseter 


0.48 


0.20 


0.20 0.47 


0.22 


0.43 



side not used for chewing [44]. This reduction in strength 
has been attributed to anxiety and muscle shortening. 

Premature occlusal contacts are a possible cause of 
headaches, facial pain and TMD, affecting chewing func- 
tion and causing asymmetry in the stomatognathic system 
[45-47]. This can have secondary consequences stemming 
from the change in occlusal position due to joint and 
muscle pain, causing deviation of the mandible and lead- 
ing to excessive pressure on the joint and bilaminar zone 
[47] . In the growth phase, occlusal interference can lead to 
symptoms due to the functional deviation of the mandible 
and periodontal alterations stemming from pain. This 
functional alteration between dental arches can exert a 
negative neuromuscular influence, with severe craniocer- 
vical disorders that can lead to the development of TMD 
and directly affect the severity of the condition, with a 
consequent impact on quality of life [37,40,46-49]. 

Muscle conditions are progressive and have a variety 
of aetiological factors, such as occlusal interference and 
isometric contractions, with the retention of fluids in the 
muscle tissue, a reduction in blood supply and the build- 
up of metabolic products. It is known that an improve- 
ment in the condition of the masticatory muscles leads 
to enhanced chewing capacity [50]. The results of the 
present study reveal that physiological muscle alterations 
are present in adolescents with TMD, but no significant 
correlation was found with the number of occlusal 
contacts. 

The present study has limitations that should be ad- 
dressed. Although the use of carbon paper for the record 
of occlusal contacts is the gold standard in the literature, 
this method may not be accurate when used on young 
volunteers. Future studies should record these contact 
points with the use of an occlusal sensor. Another limitation 
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was the failure to include parafunctional habits among 
the exclusion criteria. Due to the statistical limitations 
of the study, evaluations of larger groups are needed to 
draw firmer conclusions. 

Conclusion 

Statistically significant differences in electromyographic 
activity of the masseter and temporal muscles were found 
in the resting position in adolescents with moderate to 
severe TMD in comparison to those with mild TMD and 
those without TMD. However, no statistically significant 
differences were found between groups with and without 
TMD regarding the number of occlusal contacts. 
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